Closing the loop on organic waste management: biochar for agricultural land application and climate change mitigation
One of the most recent innovations in agriculture is the use of charcoal (biochar) as a soil amendment to improve soil fertility while at the same time diverting into soils carbon that would otherwise be released into the atmosphere. The idea of using biochar for climate change mitigation is relatively new, although the origin of biochar dates back to pre-Columbian times when the Amazon tribes in the central Amazon basin made terra preta and used it to improve their soils for agriculture. Some of the biochar in Amazon terra preta soils has persisted for thousands of years, and has thus attracted the attention of the scientific community because of the possible use of biochar in reducing greenhouse gas emissions.
Biochar can be produced by means of low-temperature pyrolysis from many different types of organic waste materials, and thus offers a new way to close the loop on the management of organic waste from urban areas and agriculture by generating valuable products. Some of the various waste materials that potentially can be used as feedstock for biochar production include sewage sludge, animal manure, chicken feathers, straw, hulls, palm fronds, sawdust and yard waste, among others. In addition, low-temperature pyrolysis of organic waste produces bio-oil and synthesis gas as by-products, which can be used as renewable biofuels, giving biochar an even greater potential for mitigating climate change.
With the advocacy of the International Biochar Initiative (IBI; www.biochar-international.org), research is now underway in countries around the world to evaluate the use of biochar in different types of soils and cropping systems. Recent articles in Science and Nature have discussed scenarios to divert as much as 100 billion tons of carbon into the soil, enough to offset years of carbon dioxide production from burning of fossil fuels for electricity production. It has been suggested that about 3 billion tons of carbon per year (of the 60 billion tons of carbon taken up by photosynthesis per year at a global scale) could be fixed as biochar, thereby reducing atmospheric emissions by the same amount.
Along with the ability to slow climate change by sequestering organic carbon in soil, biochar offers the possibility for increasing crop yields, restoration of degraded lands, reduction of methane and nitrous oxide emissions from soil, reduction of soil erosion, improving water and fertilizer use efficiency and soil microbial activity, while reducing fertilizer, pesticide, heavy metals and other contaminant runoff into waterways. Biochar might also serve as a carrier for microbial inoculants such as mycorrhizae, Rhizobium, or plantgrowth-promoting bacteria. The high surface area and internal pore space has many desirable traits as a protected habitat that could reduce problems associated with predation of introduced micro-organisms by protozoa and nematodes. Some studies already suggest that plant-growth-promoting bacterial activity is increased in biochar-amended soils.
There are many basic questions about the best ways to produce and use biochar and furthermore, knowledge of the levels which should be used in different types of soils in order to optimize their fertility without overloading them is not available. Some of the proposed amounts for biochar applications to soils range up to 50 tons hectare À1 , but such recommendations are largely based on preliminary studies that have not yet looked at the optimization of application rates for different soil types. From a production perspective, the best feedstocks so far appear to be lignocellulosic materials that are easy to handle and that are relatively dry prior to their pyrolysis and conversion to biochar. In comparison with woody materials, sewage sludge and animal manure are more problematic in that they require drying prior to pyrolysis and will generate finer grained, dustier materials. Nonetheless, the potential for converting animal manure and sewage sludge into biochar is tremendous and offers a solution to a range of problems that are now associated with processing these waste materials. The benefits include a reduction in odours, elimination of pesticide, pharmaceutical and other organic chemical contaminants, and the removal of weed seeds and undesired micro-organisms such as human and plant pathogens which are destroyed during the pyrolysis process. For any of the potential feedstocks, the chemical properties of the biochar products can be customized by controlling the pyrolysis temperature. Low temperatures produce biochar with a high cation exchange capacity, but may contain oils. These oils can affect the hydrophobicity of the soil or may leach into the groundwater. Importantly, the biochar production process needs to be designed to eliminate co-production of low-molecular-weight polycyclic aromatic hydrocarbons (PAHs), as partially combusted organic materials may also contain these toxins or emit PAHs during the pyrolysis process. At the other end of the temperature range used for pyrolysis, high-temperature pyrolysis results in products [479] [480] K:/WMR/WMR 370928.3d (WMR) [PREPRINTER stage] with lowered cation exchange capacity and greater capacity for hydrophobic interactions. At very high temperatures, biochars produced by pyrolysis above 600 C are converted to activated carbon which has no cation exchange capacity, although it is able to strongly adsorb metals and various organic chemicals such as pesticides. This may be desirable for remediation of pesticide-or metal-contaminated soils, but could also affect the efficacy of pesticides that are applied for control of insects and plant pathogens. Many of the startup research programmes on biochar production are looking at very basic design parameters such as the best way to dry and deliver different types of organic waste materials into the pyrolysis ovens and investigating the physicochemical properties of the resulting products that are generated at different temperatures. Chemical analysis of the final products should include quantification of PAHs such as pyrene and benzo(a)pyrene so that soils are not inadvertently contaminated.
The main challenges that biochar technology may face in the immediate future seem to be related to the associated capital and operating costs for full-scale units, which have shown substantially higher costs in comparison with alternative waste-handling methods. In this sense, the revenue potentially available from the sale of emission reduction credits can eventually make pyrolysis operations more affordable, but this needs to be demonstrated. Additionally, to meet the challenge of immediately reducing carbon dioxide inputs to the atmosphere to mitigate climate change, production facilities will need to be scaled up very rapidly and the research on this topic will require the engineering design of large facilities that can handle tons of organic waste per day, as well as the design of smaller production units that can be used at the farm scale, or even mobile units that can be transported from site to site and shared by multiple users. Final designs for pyrolysis equipment will ultimately require certification by air quality management and other regulatory agencies that deal with equipment safety and industrial hygiene.
Waste Management & Research looks forward to serving as a forum for research and ideas on how the waste management industry and our research community can contribute to further close the loop on converting organic waste materials into useful products for agriculture, particularly contributing to the solution of the greenhouse gas emissions problem, while simultaneously promoting the safe use of biochar materials.
